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Fluid flow sensing by polycystin 
prevents development of renal cysts
Xia et al., Development 2010; 137: 1075–1084; doi:10.1242/dev.049437
In kidneys of patients with autosomal dominant polycystic 
kidney disease (ADPKD), aberrant cell proliferation, changes 
of epithelial-cell polarity and cytoskeleton, and transepithelial 
fluid secretion result in cyst formation. Mutations in PKD1 
or PKD2, which encode polycystin 1 (PC1) and polycystin 2 
(PC2), respectively, cause ADPKD. PC1 and PC2 locate in sev-
eral cellular compartments, but their presence in primary cilia 
has gained wide interest because physical bending of cilia or 
fluid flow across the apical surface of epithelial cells increases 
intracellular Ca2+, a change that requires polycystins. Hence, 
it has been assumed that these proteins, possibly through their 
association with cilia, function as mechanosensors. However, 
it remains unclear whether the rise in calcium during changes 
in flow is relevant to the putative sensing function of poly-
cystins. To clarify the mechanosensory function of polycystins, 
Xia et al. examined molecular pathways that directly respond 
to the fluid flow-induced calcium signal. First, to identify 
downstream targets regulated by the mechanosensory func-
tion of polycystins, they performed microarray expression 
analysis in kidney epithelial cells from Pkd1+/+ and Pkd1−/− 
mouse embryos. They found that myocyte enhancer factor 2C 
(MEF2C) and histone deacetylase 5 (HDAC5) responded to 
polycystin-dependent stress sensing. Interestingly, these pro-
teins are known to be key regulators of the cardiac hypertro-
phy in response to stress and calcium channel activation. The 
calcium signal generated by polycystins deactivated HDAC5. 
Fluid flow stimulation of polarized epithelial cells phosphor-
ylated and induced nuclear transport of HDAC5, which acti-
vated MEF2C-based transcription. Among the MEF2C target 
genes is missing in metastasis (MIM), which encodes a regulator 
of the actin cytoskeleton. Mice with kidney-specific knockout 
of Mef2c or with inactivation of MIM developed renal tubule 
dilation and cysts (Figure). In a notable and marked contrast, 
use of an inhibitor of HDAC reduced cyst formation in Pkd2−/− 
mouse embryos.
These studies suggest common signaling between myocardial 
hypertrophy and maintenance of renal epithelial architecture 
and a potential therapeutic approach to treat ADPKD with 
HDAC inhibitors.
Juan Oliver
Stretch regulates nephrin 
expression via angiotensin II
Miceli et al., Am J Physiol Renal Physiol 2010; 298: F381–F390; doi:10.1152/
ajprenal.90423.2008
How physical forces regulate cell and organ functions and influ-
ence diseases ranks as one of the most difficult problems in biology 
and medicine. For example, although it has long been known that 
renal artery pressure regulates renin secretion, neither the identity 
of the pressor sensor nor its exact location is known. Similarly, 
the benefits of lowering arterial pressure in patients with chronic 
kidney failure are well established, but the mechanisms whereby a 
lower pressure preserves kidney function elude complete under-
standing. A reduction in the number of podocytes has been found 
in many forms of kidney diseases, likely because of the mechanical 
insult induced by increased glomerular capillary hypertension. In 
a recent publication, Miceli et al. examined the effect of stretch on 
the expression of nephrin, a key component of the slit diaphragm, 
the junction connecting foot processes of neighboring podocytes. 
They subjected human podocytes to repeated stretch–relaxation 
cycles. Exposure to stretch induced a significant ~50% decrease 
in both nephrin mRNA and protein expression (Figure). Interest-
ingly, the reduction in nephrin was completely abolished by either 
the AT1 receptor antagonist candesartan or an anti-angiotensin II 
antibody. The authors also found that podocyte stretching induced 
both angiotensin II secretion and AT1 receptor overexpression but 
had no effect on cell proliferation or apoptosis. Moreover, exog-
enous angiotensin II also reduced nephrin protein expression. 
Finally, as transcription of the nephrin gene was recently found 
to be regulated by peroxisome proliferator-activated receptor-γ, 
the authors examined the effect of the receptor agonist rosiglita-
zone. They found that rosiglitazone prevented AT1 upregulation in 
response to stretch and thus also inhibited stretch-induced nephrin 
downregulation. Thus, mechanical stimulation of podocytes 
activates their renin–angiotensin system, which, in turn, affects 
nephrin expression.
Stretch induces nephrin downregulation. Representative immunoblot of 
nephrin in podocytes exposed to stretch for 72 hours and in control cells, 
and densitometric analysis, corrected for tubulin.
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Kidney-specific knockout of Mef2c resulted in epithelial tubule dilations 
and cysts. (a) Kidney section from a wild-type mouse. (b) Kidney section 
from a mouse with kidney deletion of Mef2c. (c and d) Magnified 
regions corresponding to the boxes in a and b, respectively. Note broad 
distribution of dilated tubules in d.
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In vivo confirmation that mechanical forces regulate the 
renin–angiotensin of podocytes and nephrin would be extremely 
interesting.
Juan Oliver
Selective intrarenal human A1 
adenosine receptor overexpression 
reduces acute liver and kidney 
injury after hepatic ischemia–
reperfusion in mice
Park et al., Lab Invest 2010; 90: 476–495; doi:10.1038/labinvest.2009.143
Several recent studies have demonstrated that remote organs are 
affected by ischemic injury to the kidney. Acute kidney injury 
is observed frequently after liver ischemia–reperfusion (IR).1 A 
new approach to reducing injury from IR involves the activation 
of A2A adenosine receptors.2 A2A adenosine receptor activation 
following renal IR reduced neutrophil infiltration and expression 
of P-selectin intercellular adhesion molecule, a potent anti-inflam-
matory action. Park and colleagues questioned whether selective 
renal overexpression of human A1 adenosine receptors (huA1ARs) 
protected against both liver and kidney injury sustained after liver 
IR. Mice were subjected to liver IR or to sham surgery 48 hours 
after unilateral intrarenal injection of lentivirus encoding enhanced 
green fluorescent protein (EGFP) or EGFP-huA1AR. Intrarenal 
lentiviral gene delivery caused a robust transgene expression in the 
injected kidney without significant expression in the contralateral 
kidney or in the liver. Mice injected with EGFP-huA1AR lentivi-
rus were protected against hepatic IR-induced liver and kidney 
injury with reduced necrosis, inflammation, and apoptosis and 
better-preserved F-actin and vascular permeability as compared 
with mice injected with EGFP lentivirus (Figure). Removing the 
EGFP-huA1AR lentivirus-injected kidney before hepatic ischemia 
abolished both renal and hepatic protection after liver IR, showing 
that the overexpression of huA1AR in the injected kidney had a 
crucial role in protecting the kidney and liver after liver IR. There-
fore, these findings show that protecting the kidney reduces liver 
IR injury, and selective overexpression of cytoprotective A1ARs 
in the kidney leads to protection of both liver and kidney after 
hepatic IR.
This elegant study indicates that selective expression of huA1AR 
transgene in the kidney is feasible and that such an intervention 
protects the kidney and improves liver function in mice subjected 
to liver injury.
Marc De Broe
1J Gastrointest Surg 2008; 12: 490–495. 2Kidney Int 2001; 59: 2114–2125.
Regulated payments for living 
kidney donation: an empirical 
assessment of the ethical concerns
Halpern et al., Ann Intern Med 2010; 152: 358–365
The desire to increase the number of living kidney donors has fos-
tered considerable discussion on the utility and ethical implications 
of payment to the donor. A cross-sectional survey of train riders 
in Philadelphia sought to test how varying payments would affect 
the hypothetical likelihood of donation. Halpern et al. recruited 
passengers for participation and gave them a script describing the 
risks, benefits, and surgical procedures involved in kidney dona-
tion. Multiple clinical scenarios were posed based on payment for 
donation ($0, $10,000, or $100,000), the respondent’s subsequent 
risk of renal failure (0.1%, 1.0%, or 10.0%), and the recipient’s rela-
tionship to the respondent (family member or unrelated patient 
on waiting list), and participants then estimated their willingness 
to donate using a five-point scale. Participants stated they were far 
more likely to donate a kidney to a family member than to a person 
on the waiting list. When told that they were donating to a family 
member, donor income was not associated with the likelihood of 
donation. When told that they were donating to the next person on 
the waiting list, incrementally lower income was associated with a 
greater likelihood of donation. The magnitude of payment did not 
affect the association between the donor’s subsequent risk of renal 
failure and likelihood of donation. The degree to which willingness 
to donate decreased with an increasing potential risk as a result 
of donation was similar across payment scenarios. The authors 
conclude that payment therefore does not represent undue induce-
ment. Interestingly, there was no interaction between payment 
and donor income. Participants were equally likely to donate with 
various payment incentives irrespective of their own incomes.
Discussion of this thought-provoking article can be held on 
many levels; the ethical questions raised, arguably, are the most 
controversial. Although this survey does not suggest that payment 
increases the risk to which people would be willing to expose them-
selves, such a notion must be considered, given the knowledge 
about international transplant tourism.
Lynda Szczech 
(a) Representative photomicrographs of six experiments (hematoxylin 
and eosin staining; original magnification, ×400) showing vacuolization 
and proximal tubular hypereosinophilia in kidneys from C57BL/6 mice 
subjected to liver IR 48 hours after intrarenal injection with EGFP lentivirus 
or EGFP-huA1AR lentivirus. Pictures of the renal cortices of kidneys 
subjected to renal IR injury before 24 hours are shown for the lentivirus-
injected left kidneys. (b) Summary of renal injury scores. Percentages of 
cortical vacuolization, peritubular leukocyte margination, and renal tubular 
hypereosinophilia are shown for the injected kidneys.
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